Mitochondrial small subunit ribosomal DNAs of Cerrena unicolor and Trametes consors were sequenced and compared with those of known mushroom taxa. Trametes consors is a species recently transferred from Irpex, and Cerrena is a genus closely related to Trametes. The present phylogenetic tree showed that Cerrena unicolor and Trametes consors clustered together and made an independent lineage from the Trametes group. A new combination, Cerrena consors (Berk.) Ko and Jung, comb. nov., is proposed here by transferring Trametes consors into Cerrena based on molecular data along with taxonomic evidence. z
Introduction
Classifying the family Polyporaceae (Aphyllophorales, Hymenomycetes, Basidiomycota) into 11 subgroups, Ryvarden included Cerrena in the Trametes group with Coriolopsis, Cryptoporus, Daedaleopsis, Datronia, Hexagonia, Lenzites, Megasporoporia, Microporus, Pycnoporus, Trametes, and Trichaptum [1] . His Trametes group is characterized by di-to trimitic hyphal systems, non-amyloid, hyaline spores and white rotting habit. Cerrena, the boreal monotypic genus typi¢ed by C. unicolor, has general features of the Trametes group. Cerrena unicolor is recognized by its hirsute surface, irpiciform hymenophore and black line between context and tomentum. Its ellipsoid spores are also contrasted with allantoid to cylindrical spores of most Trametes species. And it is the only known polypore symbiont of a wood wasp, Tremex columba [2] .
Van der Westhuizen described cultural and microscopic characters of C. unicolor and concluded that its hyphal systems were di¡erent from those of Trametes and other true trimitic genera [3] . The branched type of hyphae in the basidiocarp of C. unicolor is not a typical one for true binding hyphae because it can arise not only from delicately thinwalled hyphae, but also from thick-walled clamped hyphae. But preceding studies and descriptions by Ryvarden and Johanson [4] , Gilbertson and Ryvarden [5] , Cunningham [6] , and Corner [7] reported that Cerrena was trimitic in its hyphal con¢guration. Corner emphasized that Cerrena, with other 13 gen-era, should be treated as a synonym of Trametes as there are many tropic species with a mixture of characters that separate themselves from the species of the temperate £ora [7] . But according to Ryvarden, although it is obvious that Cerrena is closely related to Trametes, the bipolar mating type and scleri¢ed generative hyphae of Cerrena and the pragmatic view of avoiding numerous transfers from genera to genera helped people accept Cerrena as a separate genus [1] .
T. consors, the white wood-rotting fungus distributed in India and East Asian countries like Korea and Japan, had been called Irpex consors Berk. and then was transferred to Coriolus by Imazeki [8] . But Coriolus was an illegitimate name, thus the combination C. consors was incorrect in view of nomenclature [1] . Later, Mitra described morphological and cultural characteristics of I. consors Berk., proposing a new combination Trametes consors (Berk.) Mitra, and reported the presence of gloeocystidia in T. consors, in contrast to the absence of cystidia in Trametes and its related genera [9] .
Advanced molecular approaches in recent fungal systematics have shown that multiple morphological convergence occurred in the evolution of mushrooms, especially in polypores [10^12] . Molecular data present the polyphyly of polypores, but their polyphyletic origins and evolutionary pathways are still uncertain. Furthermore, due to their anatomical simplicity and morphological £exibility, it is actually di¤cult to suggest comprehensive evolutionary relationships of polypores as yet. To access the natural classi¢cation of polypores, intensive phylogenetic studies as well as morphological and biochemical information are de¢nitely needed. In this paper, based on mitochondrial small subunit ribosomal DNA (SSU rDNA) sequences, phylogenetic relationships of C. unicolor and T. consors were discussed and their phylogenetic positions were re-evaluated in comparison with polyporoid and agaricoid taxa including the members of Trametes and its related genera.
Materials and methods

Strains studied
Fungal strains used for the study are listed in Table 1 with information on localities and GenBank accession numbers. The strain T. consors SFC 940702-14 is one isolated from fresh material and cultured on ME agar and the other strains are those extracted from raw dried basidiocarps which are stored in Seoul National University Fungal Collections (SFC).
DNA extraction, PCR and sequencing
For the cultured strain, DNA was prepared from mycelium grown on cellophane discs and, for dried basidiocarps, DNA was directly extracted from 500-mg pieces of specimens according to the method of Lecellier and Silar [13] . A total of 600 Wl of extraction bu¡er (50 mM EDTA, 50 mM Tris-HCl, 3% SDS) was added to recovered mycelium or scraped C Fig. 1 . Phylogenetic tree generated from 500 bootstrap replications of partial mitochondrial SSU rDNA sequences from 90 strains. To construct the tree, distance analysis was accomplished using the neighbor-joining method of PHYLIP 3.5c [18] . The sequence of Auricularia auricula-judae was used as an outgroup to root the tree. Bootstrap values are given above branches supported by more than 50%. pieces. The sample was frozen in liquid nitrogen and then thawed in a 70³C incubator, which process was repeated 3^5 times until a thorough breakage of cells was achieved. Isolated DNA was puri¢ed with a phenol-chloroform extraction. From these extracts, a range of dilutions was made in DDW (from 10 3I to 10 3P ) and used for PCR ampli¢cation. Partial mitochondrial SSU rDNAs were ampli¢ed using the primer pair MS1 and MS2 [14] . Ampli¢ed mitochondrial rDNAs were puri¢ed using Wizard PCR Preps (Promega), and then direct sequencing was done by the thermal cyclic termination method with QS S-labeled ATP [15] .
Phylogenetic analysis
Sequences generated from materials and retrieved from GenBank were aligned using CLUSTAL W [16] , which was then visually optimized. Ambiguously aligned regions were excluded from the following analyses. Unambiguously aligned 472 nucleotides of conserved regions [17] and their adjacent regions were used in phylogenetic analyses. To construct the phylogenetic tree of 90 strains, distance analysis was carried out using the neighbor-joining method of PHYLIP 3.5c [18] . Statistical supports for various branches of the tree were obtained from 500 bootstrap replications.
Results and discussion
In the tree of Fig. 1 , most strains of the Trametes group were clustered into a single clade and most genera related with Trametes were nested in the clade. Their relationships were supported by the highest bootstrap value of 100%. Among genera in the Trametes group of Ryvarden, Trichaptum showed close relationships with members of the Hymenochaetaceae, as previously indicated by several authors [11, 19] . T. consors and C. unicolor, which were clustered together and supported by the con¢-dence level of 100%, developed a di¡erent lineage without reference to the Trametes group. They were clustered with Panus rudis by the bootstrap value of 95% and then grouped with other polyporoid mushrooms, Nigroporus and Albatrellus. The latter grouping was weakly supported and the phylogenetic relationships of latter taxa with other ones were not so obvious.
There were two base substitutions and a single indel (insertion/deletion) between C. unicolor SFC 950813-10 and SFC 950813-14 of which sequences showed 98.8% similarity. And, for T. consors SFC 940702-14 and SFC 971018-13, there were four base substitutions without an indel and their sequence similarity was 98.9%. On the whole, there were 97.3^98.5% sequence similarities between strains of two species.
As Mitra indicated from the morphological and cultural studies of I. consors [9] , its characters are di¡erent from those of Irpex, but rather similar to those of T. suaveolens, the type species of Trametes. The hyphal system of Irpex typi¢ed by I. lacteus (Fr.) Fr. is dimitic and its generative hyphae are simple-septate. But the hyphal system of T. consors is trimitic with clamped generative hyphae. In addition, T. consors and T. suaveolens have many similarities in both microscopic and cultural structures. However, T. consors used to be commonly called Coriolus consors and was di¡erently treated from the species of Trametes in Korea and Japan. There exist microscopic di¡erences between T. consors and other members of Trametes. Basidiospores of T. consors are elliptical to oval, which is contrary to the typically allantoid to cylindrical spores of Trametes and its related genera [1] . The absence of cystidia is a general character in Trametes and its related genera but a cystidial form is reported in T. consors [9] .
C. unicolor is the one closely related to the species of Trametes. Van der Westhuizen once pointed out its close relationships with Trametes and, on the other hand, described detailed characters of scleri¢ed generative hyphae and binding hyphae di¡erent from those of Trametes [3] . It is also reported that basidiospores of C. unicolor are binucleate [20] and ellipsoid in contrast with spores of most Trametes species. In sexuality, C. unicolor is bipolar while Trametes is tetrapolar [1^3, 5, 21] . The above-cited characteristics show that Cerrena is quite distinct from Trametes and is opposed to the concept of Corner who treated Cerrena as a synonym of Trametes.
C. unicolor and T. consors have similar ellipsoid basidiospores and share cystidial elements. Thinwalled hyphoid cystidia with a basal clamp were described from C. unicolor [5] and gloeocystidia from T. consors [9] . Gloeocystidia described by Mitra are clavate, hyaline, thin-walled, and rather di¡erent from typical gloeocystidia of the Hymenomycetes which have gelatinous or horny consistency of oily, resinous, and granular contents. In general, oily contents of gloeocystidia are not hyaline, but de¢nitely colored. Therefore, hyaline gloeocystidia of T. consors are likely to be of hyphoid cystidia judging from Mitra's description about their color, shape and size (26^35U2.8^3.5 Wm).
C. unicolor and T. consors were grouped with P. rudis, which was strongly supported by 95% bootstrap value. Panus was often treated as a section or subgenus of Lentinus [22] . The trama of Lentinus is completely or partially regular, while Panus has an irregular trama with an inconspicuous subhymenium [23, 24] . Lentinus is characterized by the presence of skeleto-ligative hyphae (amphimitic), but Panus is dimitic with skeletal hyphae. According to Hibbett and Donoghue, Lentinus is merged into the core group, corresponding to the Trametes group clade (Fig. 1) , of the Polyporaceae [11] . Lentinus and Panus are thus considered to have di¡erent lineages. P. rudis has ellipsoid spores similar to those of C. unicolor and T. consors, which suggests a close relationship among these three species.
Phylogenetic analyses based on mitochondrial SSU rDNA sequences and taxonomic considerations on morphological characters showed that C. unicolor and T. consors are closely related and evolved independently from the lineage of the Trametes group. They are congeneric in all respects of phylogenetics and taxonomy, so the authors propose to transfer Trametes consors into Cerrena and recombine the species as: Cerrena consors (Berk.) Ko 
